









      Thad Jablonski    tjablons@calpoly.edu 










Statement of Disclaimer  
 
Since this project is a result of a class assignment, it has been graded and accepted as fulfillment of 
the course requirements. Acceptance does not imply technical accuracy or reliability. Any use of 
information in this report is done at the risk of the user. These risks may include catastrophic failure 
of the device or infringement of patent or copyright laws. California Polytechnic State University at 






























































































































































































Chapter 1: Introduction  






































1  Drilling Depth  100 feet  Min  H  A, T 
2  Bore Diameter  4 inches  Min  L  S, T 
3  Drill Bit Weight  600 lb  Min  H  A, I 
4  Safety  0 exposed gears/pulleys  Max  H  I, T 
5  Operators  2 Trained Operators  Target  L  A,T 
6  Drilling components  3 bits  Min  M  A 
7  Robust Design  20 Wells  Min  M  A, S 
8  Transportability  3000 lbs  Max  M  I 
9  Horizontal Sway  6 inches  Max  M  A, T 






























































































Receive drilling rig            January 23, 2010  √ 
Initial test run of rig            January 23, 2010  √ 
Analysis of design improvement concepts      
• Motor sizing            February 23, 2010  √ 
• Hydraulic system design        February 25, 2010  √ 
• Chains and sprockets           March 9, 2010    √ 
• Brake system for main spool        March 11, 2010   √ 
Remove Old Components          April 2, 2010    √ 
Order Components 
• Steel for spool, derrick extension, and more    March 30, 2010   √   
• Hydraulic motors/pumps        March 30, 2010   √ 
• Sprockets            April 30, 2010    √ 
• Chains              May 12, 2010    √ 
• Hydraulic hoses and fittings        May 12, 2010    √   
• Final parts ordered          May 25, 2010    √ 
Manufacture 
• Mount the walking beam        March 30, 2010   √ 
• Extend the derrick          April 27, 2010    √ 
• Majority of frame modifications complete    April 30, 2010    √ 
• Fabricate/Mount Spools        May 4, 2010    √ 
• Mount motors and pumps        May 8, 2010    √ 
• Install  sprockets          May 12, 2010    √   
• Install Chains            May 25, 2010    √ 
• Mount hydraulic hoses, control valves, and reservoir  May 25, 2010    √ 
• Manufacture pitman arm        May 28, 2010    √ 
• Complete Top Sheave mount        May 30, 2010    √ 
• Initial run of hydraulic system        June 3, 2010    √ 
• Complete ML Brake Fabrication        June 8, 2010    √ 
• Complete manufacturing        June 11, 2010    √ 
Test new system 
• Dry run of assembled system        October 7, 2010  √ 
• Initial drilling test          October 12, 2010  √ 
• Observe any areas for improvement      October 12, 2010  √ 
• Continue drilling to test performance      November 6, 2010  √ 
• Test a new area for versatility        November 6, 2010  √ 
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Chapter 2: Background 






































































































































































Chapter 3: Design Development 




























































































































































































Vendor  Part Number  Description  Unit Price($)  Quantity  Price($) 
Grainger  6W549  Inlet Section  74.40 1  74.40
Grainger  6W560  Bolt Kit  10.16 1  10.16
Northern  201617  Outlet End Plate  39.99 1  39.99
Northern  201614  Valve SVW1DD1  104.99 1  104.99
Northern  201612  Valve SVW1BA1  79.99 2  159.98
Northern  201615  Valve SVW1BB1  89.99 1  89.99
Northern  2040  Flow Control Valve  84.99 1  84.99
Northern  10600  Hyd. Pump  184.99 1  184.99
Northern  1039  Hyd. Motor  239.99 3  719.97
Northern  4052  Hyd. Oil Tank  99.99 1  99.99
Northern     Hyd. Hoses  15.00 12  180.00
Northern     Motor‐Pump Bracket   60.00 1  60.00
Northern     Motor‐Pump Coupling  38.00 1  38.00
Northern     Filter  30.00 1  30.00
Northern     Pressure Gauge  15.00 1  15.00












































Description  Part Number  Unit Cost ($)  Quantity  Total ($) 
60 teeth, 1 3/4" bore  6236K587  84.74 1  84.74
35 teeth, 1" bore  6236K541  58.84 1  58.84
21 teeth, 1" bore  6280K301  42.43 2  84.86
30 teeth, 1 1/2" bore  6236K534    55.86 1  55.86
54 teeth, 1 3/4" bore  2741T122  80.9 1  80.90
20’ of ANSI 60H chain  7265K522  158.00 1  158.00









































































Chapter 5: Product Realization 






























































































































































































































































































































1  Drilling Depth  Drill to target depth  >100 ft  Not fully tested 
2  Hole Diameter  Measure diameter of drilled hole  >4 inch  5 in 
3  Drill String Weight  Weigh Drill String  >600 lb  625 lb 
4  Operators  Operate with 2 people  2 people  2 people 
5  Transportability  Weigh trailer  <3000 lb  Estimated >3000 lb 
6  Horizontal Sway  Measure sway of drilling rig  <6 inches  >6 in 















































Soil Type  Drill Time (hours)  Drill Depth (ft)  Drilling Speed (ft/hr) 
Clay  1  12  12 
Sandstone  3/4  5  6.7 




















































































































Appendix A Decision Matrices, QFD 
Table 7 Walking beam decision matrix 
Walking beam control 
Criteria weight 
Traditional 
rotary Rotary with one way feature Cam 
Hydraulic 
Ram 
Control 8 6 9 8 9 
Cost 7 9 7 7 5 
Safety 9 7 8 7 8 
Power  7 7 7 7 8 
Weight 5 8 8 8 6 
Size 5 7 7 7 6 
Complication 6 8 5 6 6 
Robust 7 7 6 6 8 
Efficiency 5 7 9 8 8 
Total 66 66 64 64 




Criteria weight Chains  Belts Gears 
Control 8 8 7 8 
Cost 7 7 7 4 
Safety 9 6 5 6 
Power  7 7 6 7 
Weight 5 7 7 7 
Size 5 6 6 7 
Complication 6 8 7 4 
Robust 7 8 7 8 
Efficiency 5 7 6 8 
Total 64 58 59 








clutch Automotive Clutches Hydraulic
Control 8 4 7 8 
Cost 7 8 7 6 
Safety 9 4 7 9 
Power  7 6 8 8 
Weight 5 8 7 6 
Size 5 8 7 6 
Complication 6 8 5 6 
Robust 7 6 8 9 
Efficiency 5 7 8 6 
Total 59 64 64 
Weighted total 371 420 432 
 
Table 10 Main line brake decision matrix 
Main line brake 
Criteria weight Band brake Drum Bake Disk brake Clutch as brake 
Control 8 8 6 7 7 
Cost 7 8 8 8 7 
Safety 9 8 7 7 7 
Power  7 8 6 6 6 
Weight 5 6 7 7 6 
Size 5 6 7 7 6 
Complication 6 7 7 7 6 
Robust 7 8 7 7 6 
Obtain ability 9 6 8 9 6 
Efficiency 5 8 7 7 7 
Total 73 70 72 64 





















































Grainger  6W549  Inlet Section  74.40 1  74.40 
Grainger  6W560  Bolt Kit  10.16 1  10.16 
Northern  201617  Outlet End Plate  39.99 1  39.99 
Northern  201614  Valve SVW1DD1  104.99 1  104.99 
Northern  201612  Valve SVW1BA1  79.99 2  159.98 
Northern  201615  Valve SVW1BB1  89.99 1  89.99 
Northern  2040  Flow Control Valve  84.99 1  84.99 
Northern  10600  Hyd. Pump  184.99 1  184.99 
Northern  1039  Hyd. Motor  239.99 3  719.97 
Northern  4052  Hyd. Oil Tank  99.99 1  99.99 
Northern     Hyd. Hoses  30.00 12  360.00 
Northern     Motor‐Pump Bracket   60.00 1  60.00 
Northern     Motor‐Pump Coupling  38.00 1  38.00 
Northern     Filter  30.00 1  30.00 
Northern     Pressure Gauge  15.00 1  15.00 
Northern     Couplings and Adapters  10.00 15  37.50 
   6236K587  60 teeth 1 3/4" bore  84.74 1  84.74 
   6236k541  35 teeth 1" bore  58.84 1  58.84 
   6280k301  21 teeth 1" bore  42.43 2  84.86 
   6236k534  30 teeth 1 1/2" bore  55.86 1  55.86 
   2741t122  54 teeth 1 3/4" bore  80.90 1  80.90 
   7265k522  20' Ansi 60H chain  158.00 1  158.00 
      5/8" Left lay cable 200ft  500.00 1  500.00 
B&B     2"x3"x3/16" Steel Tubing  20ft  78.00 17  1326.00 
B&B     1/4" plate steel 4'x4'  105.00 1  105.00 
B&B     6" sch. 40 steel water pipe 4ft  50.00 1  50.00 
      Clutch master cylinder  30.00 1  30.00 
      Brake rotor  45.00 1  45.00 
      Brake caliper  80.00 2  160.00 
      Brake lines  50.00 1  50.00 
      Pillow blocks  25.00 12  300.00 
Northern     Engine  400.00 1  400.00 
B&B     1 3/4" steel shaft 15ft  150.00 1  150.00 





























































































































































































































Appendix G Part Drawings 
ITEM DESCRIPTION PART # QTY.
1 Frame and Derrick R002 1
2 Walking Beam W001 1
3 Flywheel R105 1
4 Hydraulic Motor N/A 3
5 Sprocket 60b21 N/A 2
6 Sprocket 60b54 N/A 1
7 Sprocket 60b60 N/A 1
8 Sprocket 60b35 N/A 1
9 Brake Rotor N/A 1
10 Pitman Arm R106 1
11 Motor mount M101 3
12 Sprocket 60b30 N/A 1
13 Hydraulic Ram N/A 1
14 Main Line Spool S001-1 1
15 San Line Spool S001-2 1
16 Brake Assembly R104 1
ANGULAR:
Cal Poly San Luis Obispo IS PROHIBITED.
5 4 3 2 1
Rig Final Assembly
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ITEM DESCRIPTION PART # QTY.
1 Frame With Shafts R003 1
2 Derrick Assembly D001 1
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R003
ITEM DESCRIPTION PART # QTY.
10 1.75"X32" Shaft N/A 1
11 1.75"X2.75" Shaft N/A 1
21 Frame Components R004 7
42 1.75" Pillow Block N/A 8
43 1.75"X11" Shaft N/A 1

















ITEM DESCRIPTION PART # QTY.
1 Frame Sections R005 1
2 Derrick Mount R101 2
3 TR 3x2x0.1875 (4.5") N/A 1
4 Cross Member R102 2
5 Control Mount R103 1
6 Ram Mount 1 D103-1 1
7 Ram Mount 2 D103-2 1
SteelR001
Frame With Controls
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ITEM DESCRIPTION PART # QTY.
1 Center WB Mount F001 1
2 Rear F002 1
3 Top F003 1
4 Center Flywheel Mount F004 1
5 Front F005 1
6 Right Side F006 1
7 Left Side F007 1
SteelR001
Frame Sections
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ITEM DESCRIPTION PART # QTY.
1 TR 3x2x0.1875 (64.25") N/A 1
2 TR 3x2x0.1875 (64.25") N/A 1
3 TR 3x2x0.1875 (18.1") N/A 2















































ITEM DESCRIPTION PART # QTY.
1 TR3x2x0.1875 (20") N/A 4
2 TR3x2x0.1875 (18" Spool Only) N/A 1
3 TR3x2x0.1875 (6.8") N/A 2
4 TR3x2x0.1875 (72") N/A 1
5 TR3x2x0.1875 (6.3") N/A 3
6 TR3x2x0.1875 (18" Spool and Motor) N/A 1
7 TR3x2x0.1875 (70") N/A 3
SteelR001
Rear
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R005
ITEM DESCRIPTION PART # QTY.
1 TR3x2x0.1875 (72") N/A 2
2 TR3x2x0.1875 (29.28") N/A 3
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ITEM DESCRIPTION PART # QTY.
1 TR3x2x0.1875 (72") N/A 1
2 TR3x2x0.1875 (26") N/A 1
3 TR3x2x0.1875 (6.78") N/A 3
4 TR3x2x0.1875 (28") N/A 1
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ITEM DESCRIPTION PART # QTY.
1 TR3x2x0.1875 (29.28" Holes) N/A 1
2 TR3x2x0.1875 (29.28") N/A 2
3 TR3x2x0.1875 (70") N/A 1
4 TR3x2x0.1875 (72") N/A 1
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ITEM DESCRIPTION PART # QTY.
1 TR3x2x0.1875 N/A 1
2 TR3x2x0.1875 N/A 1
3 TR3x2x0.1875 N/A 2
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ITEM DESCRIPTION PART # QTY.
1 TR3x2x0.1875 (26" Holes) N/A 1
2 TR3x2x0.1875 (42") N/A 1
3 TR3x2x0.1875 (28") N/A 1
4 TR3x2x0.1875 (70") N/A 1
5 TR3x2x0.1875 (38.25") N/A 2
6 TR3x2x0.1875 (19") N/A 1
7 TR3x2x0.1875 (19" Hole) N/A 1
8 TR3x2x0.1875 (28") N/A 1
9 TR3x2x0.1875 (24") N/A 1
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ITEM DESCRIPTION Part # QTY.
1 2.5"X2.25" Tube (20') N/A 4
2 2.5"X2.25" TUBE (6") N/A 14
3 2.5"X2.25" TUBE (9") N/A 10
4 Gusset (Holes) D101-1 4
5 Gusset D101-2 2
6 Derrick Hinge Ring 1 D102-1 3
7 Derrick Hinge Ring 2 D102-2 1
8 Derrick Extension D002 1
9 L3x3x0.25x3 (5/8" Hole) N/A 2
10 Derrick L bracket D104 1
11 Ram Mount Plate (9"X6"x0.25") N/A 2
12 TR 3x2x0.1875 (11.5") N/A 1
13 TR 3x2x0.1875 (8") N/A 1
14 Ram Mount 1 D103-1 1




















SCALE 1 : 10
14
DETAIL C 
SCALE 1 : 20
Note:
Pipe to be notched as 
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ITEM DESCRIPTION PART # QTY.
1 2.5"X2.25" TUBE (8') N/A 4
2 2.5"X2.25" TUBE (6") N/A 4
3 Derrick Hinge Ring 1 D102-1 3
4 2.5"X2.25" TUBE (9") N/A 4





ITEM DESCRIPTION PART # QTY.
1 TR 3x2x0.1875 (6" Top) D105 2
2 TR 3x2x0.1875 (10", 45 deg) D106-1 4
3 TR 3x2x0.1875 (7.75", 2X 45 Deg) D106-2 2
4 Top Sheave Mount Plate Steel D107-1 2
5 Top Sheave Mount Bolted Plate Steel D107-2 2
6 Top Sheave N/A 2
7 Rubber Top Mount N/A 12
SteelD002
Derrick Top Mount
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SCALE 1 : 4
DETAIL A 
Weld D107-1 and 
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TWO PLACE DECIMAL: .05
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Note:
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Note:
1.  1/4" minimum 
thickness steel
2.  Bolt using 3/4" Bolt, 
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1. Weld 1.5"X2.5" shaft into flywheel to 
attach to pitman arm.
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Note:
1. Pitman arm mount to be 
same shape as pillow block 
base.
2. Use 1/2" bolts to connect 
pillow block to mount.
ITEM DESCRIPTION PART # QTY.
1 TS 1.5x1.5 (21") N/A 1
2 Pitman Arm Mount N/A 2
3 1.5" Pillow Block N/A 2










DO NOT SCALE DRAWING
S001






















Cal Poly San Luis Obispo IS PROHIBITED.
PROPRIETARY AND CONFIDENTIAL






DIMENSIONS ARE IN INCHES
TOLERANCES:
FRACTIONAL 1/16
THE INFORMATION CONTAINED IN THIS
DRAWING IS THE SOLE PROPERTY OF
Cal Poly San Luis Obispo.  ANY 
REPRODUCTION IN PART OR AS A WHOLE









ITEM DESCRIPTION PART # QTY.
1 Spool Side S101-1 2
ITEM DESCRIPTION PART # QTY.
1 Spool Side S101-1 2
2 Spool Center (11") S102-1 1
 SolidWorks Student License
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ITEM DESCRIPTION PART # QTY.
1 Pitman Arm Attachment W003 1
2 WB Shaft (1.75"X28") N/A 1
3 Walking Beam Frame W002 1
4 12" DIa Pulley N/A 1
5 Pulley Shaft (1.5"X6.75") N/A 1
6 Weight shaft (2"X1.5"X14") N/A 1












Shaft collar used to secure weight plate stack
C6X8.2 Members
ITEM DESCRIPTION PART # QTY.
1 C6x8.2x6 N/A 2
2 C6x8.2 (Angled) N/A 2
3 C6x8.2x40 N/A 2
4 TR3x2x0.1875 (12.25") N/A 4
5 TR3x2x0.1875 (2" Hole) N/A 1
SteelR001
Walking Beam Frame
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ITEM DESCRIPTION PART # QTY.
1 TR 3x2x0.1875 (7") N/A 2
2 Shaft 1.5"X8" N/A 1
3 Shaft Collar N/A 2
2
3
1
1.5 5.25
7.0
1.5
